Without herbivory control, natural seed sources, and seasonal flood events, recovery of the Pen branch delta in South Carolina to former conditions (prior to thermal discharge) may take many years. To assess the recovery process, seedlings of baldcypress (TuxoLtiurn distichum), water tupelo (Nyssa aquatica), swamp blackgum (Nyssa sylvatica var. b$oru), and green ash (Fraxinuspennsylucmicn) were planted in four areas of the delta in 1994. One-half of the seedlings were protected using tree shelters 1.5 m tall. Heights of seedlings were taken after planting and at the end of each growing season from 1994 to 1998. Survival at the end of 5 years ranged from 67 to 100% for seedlings in tree shelters and 2-90% for those not in tree shelters. Survival of seedlings without tree shelters was generally low, and mortality was attributed mainly to beaver damage. Although water tupelo, swamp blackgum, and green ash seedlings tended to die once clipped by beaver, 85% of the clipped baldcypress resprouted after clipping, and new sprouts grew vigorously. During year 1, height growth of tree shelter seedlings was significantly greater than non-tree shelter seedlings for all species, but once the seedling emerged from the top of the shelter, growth differences declined dramatically. Differences in height growth among areas was highly variable from year to year, and no one species tended to grow better in one area over another throughout the period. Restoration of the Pen branch delta to a baldcypress-water tupelo forest similar to the surrounding forest is possible. Baldcypress and water tupelo seem ideally suited to growing in all areas of the delta equally well, but it may take IO-20 years before the seedlings are of sufficient size to not be affected by herbivory and old enough to produce sufficient quantities of seed to maintain the forest. 0
. Thermal effluents from nuclear production reactors were released directly into Pen branch from 1954 to 1988 (Sharitz et al., 1990) . High water temperatures (40-50°C) combined with increased water flows (0.3-11 m3/s), increased siltation rates ( > 0.5 m deposited in places), and man-made flooding events asynchronous with natural events were considered to be responsible for the death of most of the existing vegetation on the delta (Sharitz et al., 1974a; Wike et al., 1994) . Studies of the effects of high temperature flooding on baldcypress, water tupelo, black willow (S&x nigra L.), and buttonbush (Cephalmthus occidentalis L.) showed a reduction in survival rates, lower biomass and productivity rates, and altered physiological responses for some of the species (Scott et al., 1985; McLeod et al., 1987; Donovan et al., 1988) .
Alteration of natural hydrologic cycles is an important factor in the mortality of trees in floodplain areas. Flooding usually occurs in the dormant season which minimizes damage sustained by plants in waterlogged soils (Sharitz and Mitsch, 1993) . A change in the seasonal flooding cycle may lower community productivity and kill certain tree species only adapted to dormant season flooding. At present, the delta is constantly flooded (Kolka et al., 1998) . Although water tupelo and baldcypress are flood tolerant, abnormally high water levels for several growing seasons may result in stunted growth and eventually death (Demaree, 1932; Sharitz et al., 1974a; Harms et al., 1980) . Increased flow rates in the tributary also resulted in the scouring of stream banks upstream from the delta. Eroded sediments were deposited in the delta, increasing siltation rates and contributing to tree kill (Sharitz et al., 1974a) .
Restoration of a forest similar to predisturbance conditions in Pen branch is unhkely given the lack of desirable species in the understory (Muzika et al., 1987) or may take an extremely long time (De Steven and Sharitz, 1997) . The reestablishment of water tupelo, swamp blackgum (Nvssa s~&,~~ticn var. bzj?oru (Walt.) Sarg.), baldcypress, and other flood tolerant species is also limited by inappropriate environmental conditions and seed dispersal problems (Sherrod et al., 1980) . The rapid colonization by herbaceous species in the delta, along with black willow and buttonbush, may also be preventing the reestablishment of seedlings (Sharitz et al., 1974b; Sherrod et al., 1980; Gunderson, 1984; Kolka et al., 1998) .
Another reason for the limited re-establishment of flood tolerant species on the delta is limited seed availability. The seed pool is small because few, if any parent trees remain to disperse seeds downstream (Sherrod et al., 1980; Shari& and Lee, 1985; Dunn and Sharitz, 1987) . Upstream locations which were more strongly affected by thermal effluents had higher tree mortality, effectively removing mature trees which could act as a seed source (McLeod and Sherrod, 1981) . Additionally, baldcypress seed collected from the Savannah river site have low viability, usually below 10% (McLeod and Sherrod, 1981) .
Hydrology is not only important for seed dispersal (Schneider and Shari&, 1988) but also affects seedling establishment and growth. The construction of upstream dams on the Savannah river is responsible for changes in the natural flooding pattern of the Pen branch delta Sharitz et al., 1990) . The natural pattern of winter flooding followed by low flow during the growing season gives seeds a chance to germinate. Although they are dispersed by water, baldcypress seeds require aerobic conditions for germination and will not germinate when submerged in water (Mattoon, 1916) . Once established, seedlings must exhibit rapid initial height growth to prevent submergence during the next flood season (Demaree, 1932) . The lack of open, moist microsites that would provide a chance for seed germination and allow seedling growth without the threat of overtopping Aood waters may be attributed to anthropogenically-altered hydrology of the Savannah river Huenneke and Sharitz, 1990) . To promote regeneration of certain water logging tolerant hardwoods, hydrologic events which are artificially controlled should be synchronous with natural drawdown and flooding events Sharitz et al., 1990) .
Without natural seed sources and seasonal flood events, recovery to former conditions may W.H. Conner et ul. ,I Ecological Engineering 15 (2000) S47-S56 5x9 take many years without intervention. Thus, planting of seedlings will hasten recovery of this area. Planting strategies, which may improve seedling growth and survival, as well as simplify the actual process of planting, are moderate pruning of the roots of desirable species to ease planting in the mucky substrate and the use of tree shelters for increased early height growth and protection from herbivory. The overall objective of this study was to compare the survival and growth over a 5-year period of four forested wetland species planted with and without tree shelters.
Materials and methods
Pen branch delta is located on the Savannah river site (SRS) near Aiken, SC and is fed by Pen branch creek which enters the swamp about 5 km from the river and flows southeastward (Fig. I) . The delta is characterized by shallow (O-50 cm) moving water which covers the experimental area year-round (De Steven and Shari& 1997) .
Within the Pen branch delta experimental site, four different areas were defined: cleared, grass, willow, and muck. All vegetation in the cleared area was removed using a weed eater in late January 1994, while the grass area was left alone. The willow area consisted of an impinging canopy of willow (S&x spp.) species. The muck area was characterized by less grass competition and deeper surface water than the other plots. All seedlings in the four areas were subject to standing water conditions and some competition with surrounding herbaceous vegetation.
Two 12 x 12-m blocks were established in each of the four areas. Each block consisted of four species subplots, which contained five different treatments. The seedlings were planted on a 0.6 x 0.6 m spacing during March 1994 with 100 seedlings per subplot (20 per treatment), totaling 400 seedlings per block or 3200 seedlings total. Species planted included baldcypress, water tupelo, green ash (Fraxinus pennsylvanica Marsh.), and swamp blackgum. These species were chosen because of their waterlogging tolerance (Hook, 1984) and their desirability as a source for regeneration of the delta to closely resemble predisturbance ecology. Treatments included pruned roots, non-pruned roots, tree shelters (1.5 m tall), and non-tree shelters. A fifth set of seedlings was planted to study alcohol dehydrogenase (ADH) levels in root tips. Only results from the tree shelter versus non-tree shelter experiment will be reported here since the results of the root pruning experiment were described in Funderburke and Conner (I 997) while the ADH study was reported by Rozelle (1997) .
Heights of all trees were taken after planting and height and survival data were taken at the end of each growing season from 1994 to 1998. Trees were counted as living as long as some portion of the stem was alive. Heights were measured to the top of the living stem. During survival assessments, herbivory was recorded where possible. Treatment means for height growth and survival was compared using analysis of variance. Where significant differences occurred, Fisher's protected LSD was used to determine which treatments or species differed. Data were analyzed using STATVIEW statistical software for the Macintosh (Abacus Concepts, 1989 ). An alpha level of 0.05 was used to determine significance.
Amount and type of competing vegetation in each area were collected in the growing season (August 1994) in a biomass survey. Eight randomly selected 0.25 m2 plots in each block were clipped and the vegetation identified, dried at 80°C for 48 h, and weighed. Willow stems were counted in the willow blocks to estimate the density of the canopy species. Significant differences between biomass in the areas were determined using an unpaired t-test.
Results
Survival at the end of 5 years ranged from 67 to 100% for seedlings in tree shelters and 2-90X for those not in tree shelters (Table 1) . Baldcypress and water tupelo survival was highest within tree shelters followed by green ash and swamp blackgum. Survival of seedlings without tree shelters was low, and mortality was attributed mainly to beaver damage. Many of the baldcypress and water tupelo stumps or clipped stems were still occurred in the muck plots which were the furpresent at the time of measurement. In addition, thest from the beaver lodge. Similar amounts of 85% of the clipped baldcypress resprouted after predation (45-47%) were observed in the grass clipping (some were clipped more than 1 year). and willow plots. It was much more difficult to The greatest amount of herbivory of baldcypress determine the exact cause of death of the swamp (75%) occurred in the cleared plots, which hapblackgum and green ash seedlings, as no sign of pened to be the closest to an existing beaver the seedling stems or stumps could be found at lodge. The least herbivory (7%) of baldcypress the time of measurement.
-train track II beaver lodge a Value in parentheses is + 1 SE. Unlike letters for each species within an area indicate a significant difference in survival rates between the tree shelter and non-tree shelter treatments (cr = 0.05).
Due to the effect of herbivory and the difficulty of determining if a cut stem was alive or not, seedlings clipped by animals were not included in height growth analyses. During year 1, height growth of tree shelter seedlings was significantly greater than non-tree shelter seedlings for all species (Fig. 2) . Beginning in year 2, there was no longer a significant difference between tree shelter and non-tree shelter seedling growth for swamp blackgum and green ash except in 1997 for swamp blackgum. Height growth of baldcypress and water tupelo seedlings in tree shelters remained significantly greater in year 2, but declined after that. During year 5, baldcypress height growth of nontree shelter seedlings was significantly greater than those in tree shelters. Even though height growth declined once seedlings emerged from the tree shelters, total height of seedlings with shelters has remained greater than seedlings without shelters (Fig. 3) .
Differences in height growth among areas was highly variable from year to year (Table 2) and no one species tended to grow better in one area over another throughout the period. For example, tree shelter baldcypress height growth in the grass and muck areas was significantly greater than in the willow area in year 1. In year 2, height growth in the cleared area was significantly greater than growth in the willow area. By year 3, height growth in the willow area was significantly greater than that in the other three areas. Height growth in year 4 was greatest in the cleared area, but during year 5, height growth was greatest in the grass and willow areas. Similar variability existed for the other species, both for tree shelter and non-tree shelter seedlings.
In 1994, seven plant species were identified as competing vegetation. These were bulrush (Scivpus qyperinus (L.) Kunth), false nettle (Boehmeriu cylindrica (L.) Swartz), knotweed (Polygonunt spp.), water-primrose (Ludwigia spp.), panic grass (Punicum spp.), rush (Juncus spp.), and cattail (Typha spp.). Although it depended on the area as to which genus was the most abundant, bulrush was usually the major component of the biomass samples. Panic grass appeared most often in the samples even if it was only a small portion of the total sample weight. There were no significant differences in herbaceous biomass in the cleared, grass, and muck plots (200-350 g/m'), but herbaceous biomass was significantly less in the willow area (70 g/m"). The willow area did contain 53 & 7 tree stems per plot (canopy height of 6 m and maximum diameter of 10 cm). By year 5, the delta marsh was dominated by cattail and cut grass survival of seedlings in a variety of situations (Lecrsi~ orjtzoides (L.) Swartz), which formed a (Kittredge et al., 1992; Conkle, 1994 ; Mayhead 1.5.-2.0 m tall layer nearly covering all of the and Boothman, 1997; Stange and Shea, 1998) . In planted areas except for the willow plots. The contrast, there has been at least one study reportwillow stands were beginning to break up by year ing that tree shelters do not affect the survival of
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planted seedlings (Minter et al., 1992) .
Discussion
Restoring the Pen branch delta to a forested wetland is possible using flood tolerant species and some form of herbivory control. Tree shelters generally increased the chances of survival of all four species in this study, although there is some question as to the continued survival of the swamp blackgum and green ash seedlings. Other studies have shown that tree shelters increase 
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Even though a majority of the swamp blackgum and green ash seedlings within the tree shelters were considered to be alive at the end of 5 years, they did not appear to be very healthy. Many of them had dead or dying tops and resprouting had occurred lower on the stem. Rozelle (1997) noted in the first 2 years of the study that the green ash seedlings exhibited a declining root system, indicating that the species was not well suited for the almost constant flooding experienced within the planted areas. It is common for plants to exhibit root die-back upon flooding and later form more succulent water roots (Hook et al., 1970; Coutts and Nicoll, 1990) . In this case, the green ash seedlings did not produce a healthy root system over time.
Other studies have also shown that green ash does not do well when planted in water 30-60 cm deep (McLeod et al., 1996; McLeod, 2000) . In drier areas of the Pen branch corridor, green ash survived and grew well (Dulohery et al., 2000) . Even though swamp blackgum is ranked as very tolerant to waterlogging (Hook, 1984) , it is generally found in shallow swamps and along the edge of deep swamps. Hook (1984) also reports that swamp blackgum shows variation in flood tolerance in relation to flooding frequency of its parent population. This may have been a reason for the poor growth and survival exhibited by the seedlings planted in this study and in other studies on SRS (McLeod, 2000) . We predict that the swamp blackgum and green ash seedlings will not survive much longer in the delta.
The use of tree shelters significantly increased early height growth of seedlings in this study. Previous studies (Lantagne et al., 1990; Kittredge et al., 1992; Lantagne, 1992; Minter et al., 1992; Conkle, 1994) have shown that this is probably the result of reduced browsing and increased growth response from microclimate differences inside the shelters as compared to outside (increased carbon dioxide levels, increased relative humidity, decreased transpiration loss, etc. all contributing to a greenhouse effect). Once the baldcypress, water tupelo, and green ash seedlings emerged from the top of the shelter, a decline in height growth occurred. Emergence occurred in year 1 for the green ash and in year 2 for the baldcypress and water tupelo. Mayhead and Boothman (1997) observed a similar response in a study with sessile oak (Quercus petreu).
Conclusions
Overall, we are optimistic that restoration of the Pen branch delta to a baldcypress-water tupelo forest similar to the surrounding forest is possible. Baldcypress and water tupelo seem ideally suited to growing in all areas of the delta equally well. Although it is expensive to protect each seedling with a tree shelter, the survival rate was excellent in this study, and they increased early growth rates, helping to get the tops of the seedlings above the competing grass layer. Without tree shelters there is some indication that baldcypress may still be able to survive and grow. Baldcypress seedlings clipped by beaver exhibited a tendency to resprout lower on the stem, and the new shoots often grew faster than non-clipped shoots. If beaver populations are kept in control, enough baldcypress may survive to be able to produce an adequate stand of trees. It is difficult at the present time, however, to determine if restoration of the delta has been successful. It will take lo-20 years before the seedlings are of sufficient size to not be affected by herbivory and old enough to produce sufticient quantities of seed to maintain the forest. 
